Thromboembolic stroke from migration of thrombus formed in non-giant intracranial aneurysms is a recognized but rare event. We describe a case of partial thrombosis of a 7 mm anterior communicating artery aneurysm, which embolized to the right callosomarginal artery in the brief time interval between two sequential diagnostic angiograms performed as part of elective endovascular coiling, and before any instrumentation had been advanced into the intracranial circulation. To our knowledge, this is the first reported case of aneurysmal thrombus embolization observed angiographically in near real time.
Introduction
Spontaneous thrombosis of small (<10 mm) intracranial aneurysms is an established phenomenon, which may rarely lead to embolic stroke. 1, 2 However, studies linking embolic stroke to intra-aneurysmal thrombus have generally relied on circumstantial evidence, excluding other potential sources of thromboembolism and demonstrating the presence of thrombus within an aneurysm on an artery proximal to the site of infarct. This case provides direct evidence in essentially real time of thrombus migrating from an intracranial aneurysm to cause distal embolization.
Case presentation History
A 65-year-old male patient presented for assessment of a 7 mm anterior communicating artery (AComm) aneurysm, discovered incidentally on a magnetic resonance (MR) angiogram of the Circle of Willis ordered as part of vascular screening investigations because the patient's father had a history of surgically repaired abdominal aortic aneurysm. There was no family history of intracranial aneurysm. The patient was previously healthy aside from a diagnosis of obstructive sleep apnea, and he had no history of headache, hypertension, smoking or dyslipidemia. He did not take any medications. Cranial nerve examination was within normal limits.
Investigations
Noncontrast time-of-flight (TOF) MR and contrastenhanced computed tomography (CT) angiograms of the Circle of Willis demonstrated a hypoplastic A1 segment of the left anterior cerebral artery, with a distal right A1 fenestration. A saccular aneurysm directed anterolaterally to the right with a lobulated contour arose from the junction of the right A1/bilateral A2 junction, off the distal fenestration moiety. The aneurysm measured 7 Â 3 Â 3 mm, with a neck 2.5 mm in diameter (Figure 1 
Treatment
After explanation of treatment options including conservative management, open surgical clipping and endovascular coiling, the patient elected to proceed with coiling, which occurred 14 days after the initial CT angiogram. Under general anesthesia, a right femoral arterial puncture was performed and a 5 French femoral sheath introduced. At this point the patient was heparinized to a target activated clotting time of 300. Using a 5 French Bernstein catheter and Terumo guidewire, the right internal carotid artery (ICA) was accessed. Anteroposterior (AP), lateral and 3D rotational angiograms were performed. Angiography confirmed the presence of an aneurysm at the A1/A2 junction, but the morphology of the aneurysm had changed compared with the pre-operative imaging. It now measured 4 mm in maximal length, with concave truncation of the fundus of the aneurysm (Figure 1 (c) ).
Following discussion, it was elected to continue with aneurysm coiling. Under roadmap navigation, an exchange maneuver was performed in the right external carotid artery, a 6 French 80 cm Flexor shuttle (Cook Medical) was advanced to the distal right common carotid artery, and a 0.072 00 Navien 105 cm distal access catheter (Coviden) was navigated into the distal cervical portion of the right ICA.
A rotational angiogram of the right ICA was performed, followed by the standard AP and lateral cerebral angiograms via a right ICA injection, on which contrast stagnation was observed in a callosomarginal branch of the right A2/A3 junction. Repeat angiograms confirmed thrombus at this site ( Figure 2) .
A bolus dose of abciximab was immediately given, and repeat cerebral angiograms at 5, 10, 20 and 30 minutes showed slight reduction in the size of the thrombus and partial distal migration. An infusion of abciximab was then started and the patient awakened from anesthesia. Neurologic examination showed no evident deficits, so it was decided that the risk of mechanical thrombectomy at this distal location would exceed potential benefit. The patient was extubated in the angiography suite and transferred to the intensive care unit. The patient remained neurologically intact on serial assessment, and the abciximab infusion was continued for 12 hours.
Outcome and follow-up
Contrast enhanced MR angiography (MRA) and CT angiography (CTA) performed 1 day after the attempted coiling confirmed that the aneurysm had returned to its baseline morphology seen on the preoperative imaging, with no intra-aneurysmal clot (Figure 3 (a) and (b)). Two small areas of diffusion restriction compatible with acute infarcts were present in the superior left precentral cortex and right frontal operculum. High fluid-attenuated inversion recovery (FLAIR) signal was present within the superior sulcus of the right frontal lobe ( Figure 4 ).
The patient elected to proceed with coiling of the recanalized aneurysm, which took place 3 days after the initial attempted coiling. A Shuttle sheath was navigated into the right common carotid artery, and a 0.072 00 Navien distal access catheter positioned just proximal to the petrous segment of the right ICA. Standard AP and lateral cerebral angiograms showed no intra-aneurysmal clot. After the working projection was selected, an SL10 microcatheter (Stryker) was used to catheterize the aneurysm neck, and with the assistance of a 4 Â 11 mm Scepter balloon (Microvention), a total of four coils (MicroPlex hypersoft helical 3 Â 8 mm, 3 Â 6 mm, 2.5 Â 6 mm and 2.5 Â 4 mm) were deployed. Post-coil placement angiogram showed satisfactory occlusion of the aneurysm with an intentional small neck remnant, which was confirmed on post-procedure MRA (Figure 3 
Discussion
In this case, the thrombus in the AComm aneurysm formed in the 2-week interval between the preprocedural CTA and the date of the elective coiling. The appearance of the filling defect in the right callosomarginal artery occurred concomitantly with recanalization of the aneurysm to return to its baseline pre-operative morphology, providing direct evidence that the aneurysm was the source of the thromboembolism.
Pre-operative imaging did not show any evidence of prior infarct, and the patient reported no history of transient or permanent neurologic deficits, suggesting either that this was the first time clot had formed in the aneurysm or that any prior thromboembolic events had been clinically and radiologically silent. Computational fluid dynamics studies of aneurysm thrombosis have demonstrated that regions in intracranial aneurysms with low flow velocities and low shear stress at the walls are particularly prone to thrombus formation. 3 The elongated, lobulated morphology of the aneurysm satisfies these conditions and may therefore have predisposed to blood stagnation and thrombus formation. Furthermore, the formation of thrombus may occur in a short time interval rather than as a slow layering process, 3 consistent with the rapid change in the size of the aneurysm lumen in the short time between pre-procedural imaging and the first attempted coiling.
An important question is the role that vascular instrumentation may have played in the migration of the aneurysm thrombus, which occurred in the brief interval between angiography from the Bernstein catheter in the cervical portion of the right ICA and exchange for long sheath and distal access catheter, which were not advanced beyond the distal cervical ICA. Therefore, direct disruption of the thrombus by the catheter was not possible. One potential contributor is the alteration in flow dynamics that takes place with angiographic contrast injection. The normal volume flow in each ICA has been measured in healthy volunteers by phase contrast MR imaging (MRI) as 216 AE 83 mL/min (3.6 AE 1.4 mL/s). 4 The diagnostic digital subtraction angiography (DSA) contrast injection in this case was performed at a standard rate of 4 mL/s, presenting a volume challenge to the ICA distribution circulation that may have led to an increase of intracranial arterial flow velocities and a resulting change from laminar to transitional or turbulent flow behavior. Turbulent blood flow in or around the aneurysm may in turn predispose to clot mobilization from the aneurysm cavity.
Intra-arterial abciximab has been validated retrospectively as an appropriate treatment in the context of intra-procedural thrombus formation during aneurysm coiling 5 and was the therapy used in this case. In a series of six cases, the severity of ischemic stroke from non-giant aneurysm thrombosis was minor, and the recovery prognosis generally excellent. 6 The patient in this case experienced no detectable neurologic sequela from aneurysm thrombus migration, although two foci of diffusion restriction were seen on the postprocedure MRI.
In addition to the foci of diffusion restriction, the post-procedure MRI showed high FLAIR signal in the right superior frontal sulcus. Sulcal high FLAIR signal is often attributed to subarachnoid hemorrhage but has several alternative causes; in the acute setting, other considerations include vascular stenosis or occlusion, meningitis, supplemental oxygen, increased cerebral blood volume, and prior gadolinium or iodinated contrast administration with blood-brain barrier disruption. [7] [8] [9] The location of the high FLAIR signal in this case is remote from the known aneurysm, so aneurysm rupture and resultant subarachnoid hemorrhage is an unlikely explanation.
In patients with acute cerebral ischemia treated with intra-arterial thrombolysis (as occurred in this case), Kim et al. 9 have described sulcal hyperintensity on FLAIR resulting from iodinated contrast used during angiography. It is noteworthy that thromboembolism from the aneurysm lodged in the right callosomarginal artery, near the region of high FLAIR signal on the post-procedure MRI. Contrast stagnation was observed in the region of the thrombus, leading to prolonged local exposure to high concentrations of iodinated contrast. In combination with increased blood-brain barrier permeability from transient ischemia in the region of the thrombus, this would predispose to diffusion of contrast from the vessel into the interstitium. Therefore, the high FLAIR signal seen in this case is more likely caused by iodinated contrast than by subarachnoid hemorrhage.
